In this paper, an automated measurement system was proposed that uses a probe hung below a remotely controlled balloon to measure parameters of the acoustic eld in the whole volume of a room. The study was conducted to estimate distortions that such system may cause in the acoustic eld at the measurement point. The most signicant source of the distortions will be the buoyancy element one large balloon or a number of smaller ones. This paper considers dierent spatial congurations of spherical balloons with regards to alterations they cause in the acoustic pressure levels measured below them. Interior of a room without and with a group of spherical balloons was modeled using the boundary element method. Using a larger number of smaller spheres instead of a single large one did not signicantly reduce the related distortions. However, using two spheres slightly decreased distortions when the distance between the balloons and the recording point was relatively small.
Introduction
An automated system for measurements of acoustic eld in the whole volume of a room was proposed in [1, 2] .
The purpose of the system is to be capable of measuring selected parameters in a free three-dimensional mesh of points chosen in the whole volume of the room. A measurement probe (i.e. microphone) is hung below remotely controlled balloons (one or more).
Due to relatively small size of a microphone in relation to the wavelength, it is always assumed that in a range of sound wave lengths, presence of microphone has a negligible inuence on the acoustic eld and the value of acoustic pressure in measurement points. The same cannot be said when the microphone is moved using an instrumentation, e.g. in a form of an arm, a blimp, or a group of balloons [1, 2] . Knowledge about the range of inuence of measurement instrumentation elements on acoustic eld produced by sound wave sources is practically limited to the free eld. There is a large contribution to this knowledge from Polish researchers [3] whose works illustrate phenomena occurring in acoustic eld under the inuence of elements that form an obstacle on a path of sound wave propagation.
In case of acoustic eld inside a room, it is dicult to point to any works that would directly describe an impact of measurement instrumentation on the observed acoustic eld. A prior research in this area resulted in application of a manipulator in an anechoic chamber for the purpose of automation of acoustic measurements [4] .
It should be noted, though, that in the case of an anechoic chamber, the acoustic eld is the free eld, without reected waves. Experience and knowledge obtained in * corresponding author; e-mail: majkut@agh.edu.pl such a case cannot be directly applied to rooms where reected waves are present.
As a part of the design phase of the automated measurement system for room acoustics, a study was conducted to estimate distortions that such a system may cause in the acoustic eld. The most signicant source of distortions will be a large buoyancy element that will allow the probe to be moved to any location inside the room. Such an element can occur in various forms. This paper considers dierent spatial congurations of spherical buoyancy elements (i.e. helium-lled balloons) with regards to alterations they cause in the acoustic pressure levels measured below them (by microphone hung from balloons).
Automated measurement system for room acoustics
Acoustic properties of a room greatly inuence its usability. If they turn out to be unsatisfactory, a highly expensive and labor-intensive adjustments may be necessary to correct any design or adaptation aws [5, 6] The typical measurement procedure is described in [5, 6] . Measurements were conducted in a church with no people present. The measurement procedure involved manual placement of a microphone on a stand in se- 
where r is the single balloon's radius, N is the number of balloons, ∆ρ is air and helium density dierence, d is the mylar shell thickness, ρ m is the mylar density, and m L is the mass of load (equipment).
From Eq. (1) The second condition can be met by arranging spherical balloons according to the face-centered cubic (fcc) crystal system lattice, which is the most dense sphere arrangement with approximately 74% of the total volume being occupied by the spheres, as can be calculated from the formula:
where V S is the volume of all spheres in a unity cell, V C is the total volume of a unity cell (cubical in this case),
N is the number of spheres in a unity cell (N = 4 in fcc), A-86
R is the radius of a sphere, and a is the side of a cube (a √ 2 = 4R).
In order to reduce linear dimensions of a group of balloons, the group should be formed into a cube.
Simulations were performed for 6 dierent congurations: 1, 2, 3, 6, 14, and 63 balloons, denoted by circles in Fig. 2 and shown in Table. 4. Simulation study
Interior of a room with a group of spherical balloons causing a distortion in an acoustic eld was modeled using a boundary element method (BEM). BEM is a numerical method that allows to nd an approximate solution of the Helmholtz equation [9, 10] . The model assumes that medium in which an acoustic wave propagates has the following properties: continuity and homogeneity, perfect uidity, perfect elasticity, lack of internal thermal inertia, In calculations, the following parameters of the room were adopted: l = 12 m, w = 9 m, h = 7 m (Fig. 3 ). 7
simulations were performed for: an empty room as a reference data, and 6 dierent groups of spheres described in Section 3 (Table) . It was assumed that for a given medium (air), the density amounts to ρ = 1.221 kg m 
where p is the value of the acoustic pressure in the measurement point and p 0 = 2 × 10 
and the generalized acoustic pressure level change • 63 spheres and distance 1. 
